Quantifying Escherichia coli glutaredoxin-3 substrate specificity using ligand-induced stability.
Traditionally, quantification of protein-ligand affinity is performed using kinetic or equilibrium measurements. However, if the binding reaction proceeds via a stable covalent complex, these approaches are often limited. By exploiting the fact that the conformational stabilization of a protein is altered upon ligand binding due to specific interactions, and using an array of selectively chosen ligand analogs, one can quantify the contribution individual interactions have on specificity. We have used ligand-induced stability as a basis to dissect the interaction between glutaredoxin-3 (Grx3) and one of its native substrates, the tripeptide glutathione. Taking advantage of the fact that Grx3 can be trapped in a covalent mixed disulfide to glutathione or to selected synthetic glutathione analogs as part of the natural catalytic cycle, individual contributions to binding of specific molecular groups can be quantified by changes in ligand-induced stability. These changes in conformational stability are interpreted in terms of interaction energies (i.e. specificity) of the particular groups present on the ligand analog. Our results illustrate that although Grx3 recognizes glutathione predominantly through independent and additive ionic interactions at the N- and C-terminal of glutathione, van der Waals interactions from the unique gamma-glutamate moiety of glutathione also play an important role. This study places us closer to understanding the complex task of accommodating multiple substrate specificities in proteins of the thioredoxin superfamily and underscores the general applicability of ligand-induced stability to probe substrate specificity.